The purpose of this research is to investigate how personal learning network (PLN) facilitates individuals to build up their own epistemologies of the interpretation for their knowledge system. Based on three interviews and literature reviews, this study intends to develop and validate a personal epistemology development scale (PEDS) on PLNs to understand learner knowledge constructions. 561 valid data from the participants in two studies (exploratory and confirmatory factor analysis) were analyzed for the research purpose. The results of these studies supported an 18-item, 4-factor PEDS: description, analysis, vision, and strategy. The results also reveal that equality significantly influences the process of theory development especially for the stage of vision. The result moreover shows gender differences existing in the perception of equality on PLN environment, in the description and in the vision stages.
Introduction
Social network tools, such as blogs, wiki, twitter, facebook, etc., have been widely used as learning media in formal and informal education, which contributes the concept development of personal learning network (PLN). By interacting with members online, people increase the opportunities to approach global community and receive multiple resources of feedback. PLN has been introduced for the past decade [1] . People use it as journal writing, sharing experiences, showing off achievements, connecting with friends and community, even for commercial use. Writing is a basic form of PLN [2] . Since writing and readings can help individuals construct their own theories, this study intends to explore the learning activities on PLN to examine the role of perceived equality in constructing personal knowledge system for both genders.
The American activist Bunch [3] asserts that to promote the power of minority, ethnic or gender, reading and writing are important channels to start with. She provides a concept of personal theory construction for learners to emphasize their own power and transformation into actions. Only the very specific individual can explain what they have done and what must been done [4] . The disadvantaged groups should learn how to build their own theory rather than accept the dominant value of the oppressors.
Personal Epistemology Development
Kerlinger [5] has defined theory as a set of interrelated concepts, definitions and propositions of phenomena put together with a systematic view of interrelations with the purpose of describing, explaining or predicting the phenomenon. Theory, in another word, is a bond between facts with fact assimilations [6] . As to personal epistemology development, it refers to the organization or arrangement of the interrelation of parts to give the entity or phenomenon. Its process elements include ideas, creativity, discipline of imagination, logic, methods and procedures, and standards of conduct. When reviewing the elements, people would think that a theory construction must be implemented by a trained or knowledgeable scholar. Bunch and Frost [3] assert that every single individual has the ability and the right to construct theories. The construction is not privileged to scholars. The activist stresses that the power to define oneself and explain the experiences of his/her context should be enhanced and respected especially for ethnic minority, females, and sociostructure disadvantaged group. Bunch [7] , and Bunch and Frost [3] provide four stages for personal epistemology construction: description, analysis, vision and strategy. These stages are the frame for the observation of this study on the work of PLN writings.
Equality
The perception of equality for PLN users is important to their learning decisions. Bunch [7] , and Bunch and Frost [3] think that only through the enhancement of perceptions of equality of individuals' relationships with others, the possibility of personal theory development can be realized. The equality includes the equal power between teachers and students, student peers, feminist equality, and the equal power between readers and their readings [8] . The assumption is that when people raise their power and dialogue with the knowledge source, instead of completely acceptance, then it is possible for the individual to develop his/her own belief and then transform.
Purpose of the Study
The purpose of this study is to develop and validate a personal epistemology development scale (PEDS) with the PLN. This research also intends to explore the relationship between perceived equality and the stages of theory construction. Gender differences between female and male PLN writers in their personal theory/epistemology development and perceived equality will be discussed in this paper.
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Study 1: Pilot Test

Data Collection
This study assesses PLN users' perceived power relations existing in their PLN for their own personal theory making. The data were collected from an online survey. This study applied a purposive sample to target Internet users who are going online for writing journals on PLNs on a daily basis. A total of 600 PLNs were selected. Survey responses were returned as data files, containing the data and time of receipt as well as the respondents' Internet survey addresses. Internet server and e-mail addresses were used to remove duplicate responses. A total of 561 PLN users participated in this study and fill out the survey on line.
Participants
For pilot test, 150 PLN writers were included. All participants were invited to volunteer. The mean age of the participants were 30.17 (SD = 7.68) and there were 76 (50.67%) male. The gender ratio was even in this pilot study. Respondents on average have used the Internet for more than 9 years, spending an average of 24.17 hours per week with the Internet related activities and 15.24 hours a week on writing their own PLNs or browsing PLNs.
Data Analysis
This study tested and refined the survey items proposed for the scale. These items were presented by a 5-point Likert type scale with 1 = strongly disagree and 5 = strongly agree. Factor analysis was run to identify the theory construction stages for PLN users. 19 statements were developed from interviews and used for factored by principal component analysis (PCA) with varimax rotation (orthogonal), which assigned the items to a specific factor when the primary loadings were greater than 0.50.
Results
An exploratory factor analysis (EFA) using PCA with varimax rotation was administered on the 19 items to explore the underlying structure of the scale. The criteria for determining the number of components to retain were Kaiswer's [9] eigenvalue greater than 1. The initial solution yielded four components with eigenvalues exceeding 1, accounting for a total of 65.59% of the variance. Following the recommendations by Hair, Black, Babin and Anderson [10] , items with loadings greater than 0.50 have practical significance. On this basis, all 19 items were retained for further analysis. At this stage, the four factors were description (DE, 6 items), analysis (AN, 4 items), vision (VI, 6 items), strategy (ST, 3 items), accordant with the original theory. The descriptive statistical analyses show that the mean scores of all 19 items ranged from 3.52 to 4.30. The standard deviations ranged from 0.51 to 0.74 and the skew and kurtosis indices from −0.40 to 0.30 and −0.56 to 1.08 respectively. Following Kline's [11] recommendations, the data in this study were considered to be univariate normal in Table 1.  Table 2 shows the varimax rotated solution and the results of the principal component analysis of the 19-item, 4-factor scale. 
Study 2: Validation
Participants
The purpose of this study is to validate the factor analysis result of the 19-item PEDS. Participants in this study were 411 PLN users in Taiwan. The mean age of the participants was 28.96 (SD = 8.12). The sample comprised 235 (57.18%) female PLN users. All participants were volunteers and were not grant by extra points for grade or monetary reward.
Confirmatory Factor Analysis
The confirmatory factor analysis (CFA) of this study was used to validate the factorial structure of the 19-item scale by the computer software LISREL 8.8. The model examined in this study was examined using maximum likelihood estimation (ML). The model fit assessed by six indices: χ 2 , as the χ 2 is sensitive to sample size, the ratio of χ 2 to its degree of freedom (χ 2 /df) was used, with a recommended value smaller than 5.0 [12] . Two absolute fit indices are reported as the standardized root mean square residual (SRMR) with a recommended value smaller than 0.05; and the root mean square error of approximation (RMSEA) with values less than 0.08 as acceptable fit [13] . Finally, the comparative fit index (CFI) and non-normed fit index (NNFI) with a recommended value larger than 0.95 [12] to indicate an acceptable level of model fit.
Results
The model fit of the factor model indicated a good model fit (χ 2 = 258.55, df = 129; χ 2 /df = 2; NNFI = 0.97; GFI = 0.97; RMSEA = 0.081; SRMR = 0.056). One item was erased (original VI4) while the λ was too low (0.42). With the good model fit indices, acceptable composite reliability and average variance extracted, this study provided support for convergent validity [14] . The inter-factor correlations (Φ) are between 0.50 and 0.73, all smaller than the square root of AVE of each construct, indicating good discriminant validity. In addition, all standardized estimates had exceeded the recommended value of 0.50 [10] . The Cronbach's alpha for the instrument is 0.91 and the α for the four subscale are 0.90, 0.86, 0.83, 0.71 respectively. The factor loading coefficients, t-value for each item and composite reliability, average variance extracted of each construct are shown in Table 3 . As shown in Figure 1 , this study found support for the specific predictions that the perceived equality contribute to the prediction of each stages of theory construction. Equality accounted for 51% of the description, 59% of the analysis, 67% of the vision, and 61% of the strategy, respectively.
Measurement and Structure Model Analysis
Hypothesis Analysis Gender Differences
In addition to the PEDS, this survey also ask participant of how they perceive the equality of their learning environment. The questions items are "I feel I have the equal power with the peers who give comments", and "I accept the knowledge which has been posted on the Internet". This study first performed a t-test on the set of predictor and criterion variables, finding significant (p < 0.001) omnibus difference between gender on descript, vision and perceived equality (t = 5.21, 2.21, and 6.45 respectively) as shown in Table 4 , female PLN users reported significantly (p < 0.05) higher description and vision, but perceived lower equality from their learning context and knowledge content. Scale means, standard deviations, and intercorrelations for the full sample are reported in Table 5 . 
Discussion and Conclusion
The factor structure of the PEDS was validated in this study. The four stages of how people construct their personal theory on their own PLNs are description, analysis, vision and strategy. This study also reveals that perceived equality in PLN environment also positively impacts the stages of theory construction especially for the vision. Vision needs imagination and implementation. The perception of power equality can promote the vision stage posted once the individual feel unconstrained in their thoughts. The result also demonstrated gender difference in perceived equality, description and vision. Female writers may feel less equal toward the comments and existing information presented to them. This reflects the inequality of gender in a patriarchy society [4] . The result was derived from a sample comprised participants mainly from Taiwan. From the view of diversity, the result may provide a start for the future studies applying in different culture and ethnic groups. The generalization of this research result, hence, needs validation by future studies. Further model invariance analysis could also be done to see how gender differs in personal epistemology development process.
